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Objective: The use of endovascular aneurysm repair (EVAR) for ruptured abdominal aortic aneurysm (AAA) has been
restricted to a small number of specialized units on a selected group of patients. The aim of this study is to assess if the
overall mortality in these patients with ruptured AAA may be reduced in a unit where all patients with ruptured AAA are
considered first for EVAR.
Methods:During a 24-month period beginning in July 2002, 51 patients admitted with ruptured AAAwere considered for
EVAR as the treatment of choice and comprised the study group. EVAR was performed in 17 patients. Open repair was
performed in 34 patients: 13 patients had hemodynamic instability and 16 patients had an unsuitable aortic neck
anatomy. The study group was compared with a historical control group of 41 patients with ruptured AAA who were
treated by open repair from July 2000 to June 2002.
Results:Mortality rate was 39% in the study group compared with 59% in the control group (P  .065). The duration of
stay in the intensive care unit was significantly lower in the study group than in the control group (P .01), although the
total in-hospital stay was similar (17 days vs 14 days, P  .83). Within the study group, EVAR patients had a mortality
rate of 24% compared with 47% in the open group (P  .14).
Conclusion: Although the number of patients was small, offering EVAR to as many patients as possible with ruptured
AAA has resulted in a 20% reduction in mortality, albeit statistically insignificant. However, it is in the unstable patients
that EVAR will need to improve survival before it may be hailed to supersede the conventional approach. (J Vasc Surg
2006;44:467-71.)Many patients with abdominal aortic aneurysm (AAA)
remain asymptomatic until they present with rupture. Once
rupture has occurred, overall mortality approaches 90%.1
The perioperative mortality has remained constant at about
50% over many decades.2 The operative technique itself has
changed little in that time, and the marginal improvement
in mortality is likely a result of improvements in the stan-
dard of anesthesia and intensive care monitoring but may
also reflect reporting bias and patient selection.3
Although much controversy exists over the precise indi-
cations for the use of endovascular aneurysm repair (EVAR)
in the treatment of AAA, it remains a well-established and
widely used technique for elective cases. The use of EVAR
for the repair of ruptured AAA is less prevalent, being
mainly used in a small number of specialized units on a
selected group of patients. Many of the benefits of EVAR
relate to the reduction in the severe physiologic stress to
which these patients are exposed during open aneurysm
repair.4-5 These stresses are amplified markedly in patients
with ruptured AAA, making the technique arguably more
clearly indicated for this particular group. Endovascular
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doi:10.1016/j.jvs.2006.05.013repair in these patients also avoids the collateral damage
associated with laparotomy and aortic neck dissection in the
presence of retroperitoneal and intraperitoneal bleeding.6
The effectiveness of EVAR in reducing the mortality in
patients presenting with ruptured AAA remains moot, as it
has been restricted to selected cases.7-9 The purpose of the
study is to assess whether the overall mortality in patients
presenting with ruptured AAA may be reduced in a unit
where EVAR has become the treatment of choice.
METHODS
Before July 2002, all patients admitted with ruptured
AAA at Belfast City Hospital, Belfast, were treated mainly
by conventional transperitoneal open repair. After July
2002, a modified management protocol was implemented
that offered stent-graft repair to all patients with ruptured
AAA, unless it was deemed not feasible or the patient was
anatomically unsuitable. The study group comprises all
patients managed under this protocol from July 2002 to
June 2004, with data collected prospectively.
All patients with suspected ruptured AAA during the
study period were evaluated in the high-dependency unit
(HDU). Patients with profound shock (systolic blood pres-
sure 50 mm Hg, not responding to a fluid bolus) associ-
ated with a diminished level of consciousness or who had a
cardiac arrest during transportation to the hospital did not
have a computed tomography (CT) scan and were taken to
the operating theater for conventional open repair. If the
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patient was conscious and talking, no fluid infusion was
given. These patients were taken for a contrast-enhanced
CT scan, with the endovascular team consisting of vascular
surgeon and endovascular radiologist in attendance, to
immediately evaluate the anatomic suitability of the aorta
and the iliac arteries for EVAR.
When EVAR was deemed possible, the CT scan recon-
structions were used to measure the size of the endografts,
which were deployed in a purpose-built endovascular the-
ater using a digital C-arm fluoroscopy unit. All patients
were treated with a Talent aortouniiliac device (Medtronic,
Dublin, Ireland), combined with a femorofemoral cross-
over graft. An appropriately sized Talent occluder was
inserted in the contralateral common iliac artery. Patients
who were unsuitable for EVAR had conventional open
surgery.
EVAR was usually started under local anesthesia, if
feasible. After exposure and cannulation of both the com-
mon femoral arteries, the aortouniiliac device was inserted
and positioned at the level of L1. The renal arteries were
identified and marked using digital subtraction angiogra-
phy just before deployment of the aortouniiliac device. An
iliac extension was then inserted to the appropriate level in
the iliac system.
Check angiography was used to confirm the absence of
endoleak and successful exclusion of the aneurysm. Blood
transfusion and more aggressive fluid resuscitation of the
patients were commenced if necessary, and an occluder was
inserted in the contralateral common iliac artery. A further
check angiogram was done to exclude endoleaks. If re-
quired, conversion to general anesthesia was done before
the femorofemoral bypass. The supra-coeliac aortic occlu-
sion balloon was used only if the patient became unstable,
and was inserted and inflated via the contralateral common
femoral artery. The operation was done without any sys-
temic anticoagulants. Patients were postoperatively moni-
tored in the HDU or intensive care unit (ICU).
Anatomic exclusion criteria for EVARwere a short neck
(5 mm in length), conical neck, a wide neck (34 mm in
diameter), and inaccessible iliac arteries. Aortic neck angu-
lation60%was not necessarily a contraindication, and our
patient selection for EVAR in ruptured AAA was more
Table I. Mortality rate, blood loss and length of hospital
Study gr
Age (years) 74 (6
In-hospital mortality (%) 20 (3
Blood loss (L) 2.4 (1
Intraoperative fluid & blood required (L) 6.5 (3
Length of stay (days)
ICU 3 (0
HDU 0 (0
Total in-hospital 17 (1
ICU, Intensive care unit; HDU, high-dependency unit.permissive than for elective EVAR.The decision to stent was also influenced by the pres-
ence or absence of comorbidities, with those deemed el-
derly and infirm to be better suited for EVAR. However,
most of the patients with ruptured AAA treated at our
hospital were transferred from other hospitals, and infor-
mation regarding the patient’s pre-existing comorbidities
was not always available before the operation.
The study groupwas compared with a historical control
group of consecutive patients with ruptured abdominal
aortic aneurysm who were treated by open repair from July
2000 to June 2002. This historical control group was
retrospectively analyzed by hospital chart review, the list of
patients being obtained from the theatre logbook. During
this period, the decision to proceed to CT scan or any other
imaging modality to confirm the diagnosis was made by the
senior surgeon from the clinical findings.
The consultant vascular surgeons for both the study
period and the control period were the same and were
involved in the management of the patients. All patients
with suspected ruptured AAAwho died before reaching the
operating room were excluded. The primary outcome
events that were compared were in-hospital mortality and
morbidity; length of stay in the ICU, HDU, and the total
hospital stay; and intraoperative blood loss.
Statistical analysis was performed using SPSS 12.0.1
(SPSS, Chicago, Ill) for Windows (Microsoft, Redmond,
Wash). The 2 and Fischer exact tests were used for the
comparison of discrete variables, and the Mann-Whitney
test was used for continuous variables. Continuous vari-
ables are presented as median and interquartile range. P 
.05 was considered significant.
RESULTS
Between July 2002 and June 2004, 51 patients had
surgery for ruptured AAA (study group). Of these, 17 (16
men, 1 woman) had EVAR and 34 (30men, 4 women) had
conventional transperitoneal open repair. From July 2000
to June 2002, 41 patients (34 men, 7 women) had open
repair for ruptured AAA and constituted the control group.
The intraoperative and hospital characteristics of the pa-
tients in the two groups are detailed in Table I. The duration
of stay in the ICU was significantly shorter in the study
group even though there were no significant differences in
f patients in study and control group
n 51) Control group (n  41) P
) 77 (71-80) NS
24 (59%) .07
.8) 5.7 (2.7-6.9) .07
0.3) 8.3 (5.5-11.8) .15
) 6 (1.5-17) .01
0 (0-0) .20
14 (3-33) .83stay o
oup (
9-79
9%)
.2-6
.5-1
-8.5
-1)
-33)the length of stay in the HDU or the total in-hospital stay
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51 patients died compared with 24 (59%) of 41 patients in
the control group (P  .065).
The mean duration of stay in the ICU was significantly
lower in patients who had EVAR during the study period
compared with the open group (Table II). This group also
had a significant reduction in the amount of blood loss or
intraoperative fluid requirement. The difference in the
mortality rate between the EVAR and open group (24% vs
47%, P  .14) was not statistically significant.
Six of the 17 patients who had EVAR had regional
(spinal or epidural, or both) anesthesia, and three patients
had general anesthesia. The operation was started under
local anesthesia in eight patients, six of whom subsequently
also required general anesthesia during the femorofemoral
crossover bypass. All 34 patients who underwent open
repair had general anesthesia.
The reasons for not attempting stent repair during the
study period are summarized in Table III. Thirteen patients
were too unstable for a CT scan to assess their suitability for
EVAR and had open repair; the mortality rate in this group
of patients was 77%. Sixteen patients were found to have
unsuitable aortic neck anatomy, including a short aortic
neck in 13 patients, wide neck in two patients, and one
patient had conical neck with thrombus. The mortality rate
in the patients with unsuitable neck anatomy was 19%.
Thirty-four patients had a CT scan, and 18 (53%) were
Table II. Mortality rate and the length of hospital stay:
patients who had stent or open repair in the study group
Stents
(n  17)
Open
(n  34) P
Age (years) 75 (70-79) 74 (69-79) NS
Mortality (%) 4 (24%) 16 (47%) .14
Blood loss (L) 1.2 (0.7-1.6) 5.5 (2-13) .001
Intra-operative fluid &
blood required (L) 4 (2.5-5.6) 8.7 (5.8-14.2) .001
Length of stay (days)
ICU 0 (0-2) 5.5 (1-12) .002
HDU 1 (0-2) 0 (0-0) .02
Total in-hospital 18 (10.5-44) 16.5 (1-29.5) .42
ICU, Intensive care unit; HDU, high-dependency unit.
Table III. Reasons for open repair of ruptured
abdominal aortic aneurysm during the study
period (n  34)
Reasons for open repair
Patients
(n)
Mortality
n (%)
Unstable for CT scan 13 10 (77)
Unsuitable aortic neck anatomy 16 3 (19)
No vascular interventional radiologist
available 1 0
Miscellaneous* 4 3 (75)
CT, Computed tomography.
*Laparotomy for peritonitis, endovascular suite not operational, etc.found suitable for endovascular stenting. One patient whowas suitable for EVAR had open repair because no radiol-
ogy personnel with expertise in endovascular were avail-
able.
Technical success with exclusion of the aneurysm was
achieved in all but one patient in the EVAR group. This
patient had persistent type Ia endoleak that did not respond
to proximal extension and a Palmaz stent (Cordis UK,
Brentford, Middlesex, UK). He died during the operation
despite open conversion. One patient became hypotensive
after the CT scan, and an intra-aortic occlusion balloon was
inserted and inflated; however, he had cardiac arrest during
the operation. One patient died of myocardial infarction.
Another patient had an ischemic sigmoid colon that re-
quired resection; he died on day 49 because of multiple
system organ failure and acute renal failure.
Three EVAR patients had postoperative renal failure re-
quiring hemodialysis support (Table IV); the renal failure
being transient in 2 patients. In 1 patient, who was taking
warfarin, the right renal artery was covered with the stent-
graft as it was arising from the aneurysm sac. Postoperative
renal failure developed, and he became dialysis-dependent.
Another patient had a stroke, with subsequent full recov-
ery. One patient had infection of a femorofemoral crossover
graft, which was removed and replaced with a vein graft.
One patient each had trash feet, abdominal compartment
syndrome, atrial fibrillation requiring coronary care admis-
sion, and fasciotomy for lower leg compartment syndrome.
DISCUSSION
Conventional open surgery has been the standard treat-
ment of acute symptomatic and ruptured AAA. Endovas-
cular stenting, which has been widely used for elective
aneurysms, is an attractive alternative for treating ruptured
AAA. The lower mortality rate of 10% to 45% achieved
using EVAR is appealing compared with the prohibitively
Table IV. Cause of death and complications in
patients with endovascular and open repair during the
study period
EVAR Open
Cause of death
Persistent bleeding or intra-op death 2 8
Myocardial infarction/cardiac 1 1
Ischemic bowel 1 1
Multiple system organ failure — 6
Complications (in surviving patients)
Relaparotomy for bleeding — 2
Myocardial infarction/cardiac 1 3
Renal impairment* 3 3
Abdominal compartment syndrome 1 2
Ischemic bowel — 1
Perforated peptic ulcer — 1
Lower limb fasciotomy/trash feet 2 1
Stroke 1 —
Chest infection 2 3
Fem-fem graft infection 1 —
EVAR, Endovascular aneurysm repair.
*Requiring temporary or permanent renal support.high fatality rate after open surgery.6-13
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acute AAA have been based on a highly selected group of
patients.7-10 One previous published study was based on
the intention-to treat by EVAR protocol for acute symp-
tomatic aneurysms. This study consecutively enrolled 40
patients with ruptured or symptomatic AAA, with emer-
gency EVAR being the preferred management.11 These
patients had significantly decreased mortality compared
with the retrospectively analyzed control group. If only
patients with ruptured AAA were considered, the decrease
in mortality was not statistically significant even though
there was a 20% reduction. This is similar to our series, in
which all patients with ruptured AAA were enrolled with
intention-to-treat by EVAR. Although this reduction in
mortality was not statistically significant, it represents a
trend towards better outcome even though only a propor-
tion of patients were treated by EVAR.
The mortality rate in the study group was 24% for
EVAR patients compared with 47% in the open group (P
.14). The lack of significance in mortality between EVAR
and open repair may be due to the small number of patients
in each group. The reasons for the improved survival in the
EVAR group are probably multifactorial.
Patients with ruptured AAA who have EVAR are rela-
tively more stable and have a suitable neck anatomy. Pa-
tients with a short aortic neck or in profound shock have the
highest risk from open operation and usually are not con-
sidered for EVAR. Hence, there is a bias in favor of EVAR
because of patient selection. The mortality rate in our series
of patients during the study period who were too unstable
for a CT scan and had an open operation was 77%; however,
it was only 19% among stable patients who had a CT scan
and were found unsuitable for EVAR.
Patients with ruptured AAA are in a state of compen-
sated shock with maximal vasoconstriction. Induction of
general anesthesia is associated with a loss of arterial sym-
pathetic tone and relaxation of the abdominal wall muscu-
lature. This causes loss of tamponade, frequently causing
complete circulatory collapse and a significant increase in
mortality. Most of the patients with ruptured AAA treated
by EVAR are operated on under regional anesthesia.8,11,14
In a series by Peppelenbosch et al,11 58% of patients had
local or regional anesthesia. In our own series, only three of
17 patients in the EVAR group had the operation started
under general anesthesia. In fact, the entire procedure may
be feasible under local anesthesia with appropriate sedation.
Most of the patients who had EVAR were operated on
under regional or local anesthesia and required no ventila-
tory support after the operation. They were nursed in the
HDU. Hence, EVAR patients had significantly reduced
need for ICU stay compared with the open group. Studies
from other centers have also demonstrated a decrease in the
length of hospital stay.15,16 In our study the total duration
of hospital stay remained similar, however, primarily be-
cause the incidence of postoperative complications was
similar in the EVAR and open group. Although the physi-
ologic stress might be less in EVAR patients, they have thesame spectrum of complications as patients after open
repair for ruptured AAA.
Like other authors, we found a significant reduction in
visible intraoperative blood loss and the amount of fluid
administered in the EVAR group compared with the open
surgery group.11,14,15 This may be important in reducing
the risk of developing disseminated intravascular coagula-
tion and coagulopathy that will inevitably lead to further
blood loss. Deployment of the graft from a remote access
site also prevents accidental injuries to the neighboring
organs, which are liable to occur during open surgery in the
presence of profuse bleeding and a large retroperitoneal
hematoma.6,13
Accurate preoperative imaging is important for ascer-
taining the feasibility for endovascular stenting and for
measuring anatomic dimensions, and contrast-enhanced
CT scan remains the gold standard.9 One of the major
concerns is the time delay for the scan, especially in unstable
patients. In a previous study by Peppelenbosch et al,11 only
two of 40 patients were too unstable for CT scan. A higher
proportion of patients in our series (13 of 51) were judged
by the treating clinician to be too unstable for a CT scan.
This discrepancy is probably related to the subjectivity in
the definition of what is deemed unstable. As more experi-
ence was gathered, a lower blood pressure was taken as
acceptable.
A preoperative CT scan in patients with ruptured AAA
increases the time before the operation and does impose
some risk. One patient in our study became unstable after
the CT scan and died during the operation. One option is
the percutaneous insertion of an aortic occlusion bal-
loon, which can be inflated if patients become unstable.6,10
Urgent angiography in the operating room can also be used
to assess suitability for EVAR.10 These two techniques may
be used together in unstable patients with ruptured AAA,
the group with the highest mortality rate in out study.
The present study is flawed by the use of historical
group as controls. Interestingly, the mortality rate during
the study period for patients who had open repair also
decreased to 47% compared with 59% in the control group.
This improvement in survival may be due to a number of
reasons:
1. The change in assessment andmanagement policy led to
greater involvement of the endovascular team from the
outset of patients presenting with ruptured AAA.
2. The practice of hypotensive resuscitation may inadver-
tently lead to an improvement in outcome. Evidence is
compelling in animal studies and trauma patients that
the use of hypotensive resuscitation leads to improved
survival compared with normotensive or immediate re-
suscitation.17,18
3. The tendency to stent patients who are medically unfit
may influence the mortality in the open surgical group.
During the study period, there was a 25% increase in
the number patients with ruptured AAA compared with the
preceding control period. Most of the increase happened in
the second year of the study period. Increased centraliza-
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number of patients referred from other hospitals. However,
greater awareness of the EVAR option offered by our unit
may also have led to vascular surgeons in peripheral hospi-
tals referring more patients previously considered unfit for
open repair.
CONCLUSION
The policy of offering EVAR to all patients with rup-
tured AAA had resulted in a 20% reduction in mortality
over a period of 2 years. It is possible that patients who are
selected for EVAR are relatively stable, have a long suitable
neck, and may do as well with the traditional operation.
The unstable patients without CT scan remain a dilemma,
and it is in these patients that any new innovative technique
will need to improve survival before it may be hailed to
supersede the conventional approach.
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